Because of the frequency and disastrous influence, the supply chain disruption has caused extensive concern both in the industry and in the academia. In a supply chain with one manufacturer and one retailer, the demand of the retailer is uncertain and meanwhile may suffer disruption with a probability. Taking the demand disruption probability as the retailer's asymmetric information, an informed principal model with the retailer as the principal is explored to make the contract. The retailer can show its information to the manufacturer through the contract. It is found out that the high-risk retailer intends to pretend to be the low-risk one. So the separating contract is given through the low-information-intensity allocation, in which the order quantity and the transferring payment for the low-risk retailer distort upwards, but those of high-risk retailer do not distort. In order to reduce the signaling cost which the low-risk retailer pays, the interim efficient model is introduced, which ends up with the order quantity and transferring payment distorting upwards again but less than before. In the numerical examples, with two different mutation probabilities, the informed principal contracts show the application of the informed principal model in the supply chain with demand disruption.
Introduction
Supply chain risk management is becoming an increasingly important area. In the past several years, there has been a shift of focus from creating efficient supply chains to reliable and efficient supply chains. This shift is due to the largescale negative impacts of supply chain disruptions in global supply chain networks. For example, in 2013, the "horse meat" incident in Europe led to a plunge in demand of beef products [1] . And the 2015 terrorist attack in Paris depressed the tourism in whole Europe and reduced the demand of aircraft industry. Walmart, Home, and some other large companies have set up specialized disruption management department to deal with disruptions in supply chain [2] . Because of the frequency and disastrous influence, the demand disruption in supply chain has caused extensive concern both in the industry and in the academia.
Snyder et al. figure out that contract designing is one of the most important strategic measures in supply chain disruption management [3] . There is an abundant amount of research available on the topic of contract in supply chain with demand disruption [4] [5] [6] [7] . Most research considers the demand disruption as symmetric information [8] [9] [10] [11] . The demand disruption may be influenced by the nature, politics, economics, society, or even the finance, management, technology, human, and so on; so there is a different probability or damage degree to suffer disruption by different companies [3] . Through the operation, the company in supply chain knows the environment and its interior, so it can know more about the disruption compared to the others [12] . Hendricks et al. find out that the managers choose not to report or understate the disruption which has a negative effect on the finance or stock price [13, 14] . Bunkley reports that the motor components suppliers hide some important disruption information after the Tohoku earthquake, which results in the second half to the American motor industry [15] . So the disruption information is not symmetric between the anticipants of supply chain. The experiment in Sarkar and Kumar confirms that the asymmetry of demand disruption information reduces the efficiency of supply chain [16] . Asymmetric information leads to low supply chain efficiency [17] , so lots of research focuses on coordinating the supply 2 Mathematical Problems in Engineering chains with asymmetric information [18] [19] [20] [21] [22] [23] . So it is important to consider the asymmetric disruption information when we design the supply chain contract [24] . But very few researchers pay attention to the asymmetric disruption information. Gümüş et al. consider the supply disruption probability as the supplier's asymmetric information and give the optimal incentive contract [12, 25] . Lei et al. derive the optimal linear contract and wholesale contract with the impact of asymmetric demand disruption and cost disruption information [24] . Huang and Yang set up the principal agent model and make the incentive contract, considering the demand disruption information asymmetric [26] .
In this paper, we consider the demand disruption probability as the retailer's private information in order to investigate the contract between the supplier and the retailer. In the available research about asymmetric information in supply chain, researchers always try to reveal the retailer's private information by a menu of incentive contracts [27] [28] [29] or sharing the information [30, 31] to improve the interests. In all of the researches, the principal agent theory is explored and the party with no private information is seen as the principal. As Myerson et al. point out, there are limitations of the assumption of the principal with no private information. In many contracts, for example, the sales contract, employment contract, and regulation contract, it is common for the party with private information to be the principal who makes the contract [32] [33] [34] [35] . So we consider the following situation: in a supply chain with one manufacturer and one retailer, the retailer may suffer demand disruption with a certain probability. And the retailer with the asymmetric demand disruption probability information makes the supply chain contract to express its own information to the manufacturer. Then the retailer can differ from the other retailer by providing this contract.
Differing from those of prior studies, the major innovations of the research are as follows.
(1) We consider demand uncertainty and demand disruption simultaneously, and the demand disruption probability is considered as the retailer's asymmetric information. Demand uncertainty is commonly considered in the supply chain research, and demand disruption happens on occasion. Both the demand uncertainty and demand disruption impact the supply chain contract making. And demand disruption is totally different from demand uncertainty, so demand uncertainty and demand disruption should be considered together in the supply chain contract [3] . Lots of research pays more attention to the coordination contract in supply chain with demand disruption, but most is studied without asymmetric disruption information [24, 26] .
(2) The informed principal model is explored for the separating contract in the supply chain with asymmetric demand disruption information. In the research [24, 26] , the supplier as the principal makes the contract to encourage the retailer to show its own demand disruption information. But we use the informed principal model and consider the retailer with the demand disruption information to be the principal. The retailer can deliver its own information to the manufacturer and can be distinguished from the others from the separating contract [35] [36] [37] [38] .
The reminder of this paper is organized as follows. In Section 2, the concerned problem is defined, and the assumptions and notations are given. The full information model and optimal contract are given in Section 3. Section 4 goes into the informed principal model. In Section 5, the interim efficient allocation is given to reduce the signaling cost in the informed principal model. Numerical examples are presented in Section 6, and sensitivity analysis is carried out with respect to some key model parameters. The paper concludes with Section 7, in which we provide a summary of the paper and future research directions.
Model Description
We consider a supply chain consisting of one risk neutral manufacturer and one risk neutral retailer. When the selling season comes, the retailer purchases a kind of product from the manufacturer and then sells it into market. The market of the retailer may suffer disruption. And different retailers have different probability to experience the disruption. Supposing the disruption probability as the retailer's private information, the informed principal model is set up to design the contracts, with which the retailer can demonstrate its true information to the manufacturer.
2.1.
Assumptions. The informed principal model of the supply chain with demand disruption meets the following assumptions. To make the presentation clear, we also list the relevant variables or notations (see Variable/Notations section). Assumption 1. Before the selling season comes, the retailer makes order from the manufacturer, and the manufacturer supplies the right quantity to the retailer, with the unit manufacturing cost . Then the retailer pays as the transferring payment. And when the selling season comes, the retailer sells the products to the demand market with the price . Assumption 2. The retailer faces an unstable market, which means the demand in this market may suffer disruption. Without disruption, the demand belongs to [0, ] with the distribution function ( ) and the density function ( ). With the demand disruption, the retailer's demand belongs to [0, ], with the distribution function ( ) and density function ( ). The demand belongs to the same distribution style whenever with disruption or without disruption, for example, uniform distribution and normal distribution, and the market scale without disruption is larger than that with disruption, > . And ( ) = /2, ( ) = /2, Var( ) > Var( ). So for the same demand 0 = 0 , the distribution function meets ( 0 ) ≥ ( 0 ). It means when the demand disruption happens, the demand, which is less than the given demand 0 or 0 , happens in a larger probability than that of the demand without disruption. retailer with the probability and a high-risk retailer with the probability 1 − . Both the high-risk retailer and the low-risk retailer are risk neutral.
Assumption 4. The retailer as the informed principal designs the transferring contracts, by which the retailer can demonstrate its true information to the manufacturer. The transferring contract for low-risk retailer is
Assumption 5. Every unsold product has the salvage value ( < ). And the manufacturer has the salvage value of the unsold products. For example, the unsold products can be reused for the manufacturer, but the retailer has to pay for disposing them. The manufacturer can get the unsold products free from the retailer and reuse them. In this case, the manufacturer has the salvage value of the unsold products.
( , ) ( = 1, 2) denote the low-risk retailer's and highrisk retailer's expected sales:
(1) ( , ) ( = 1, 2) denote the low-risk retailer's and highrisk retailer's expected unsold quantity:
(2) ( = 1, 2) denote the low-risk retailer's and high-risk retailer's utility:
( = 1, 2) denote the manufacturer's utility when it cooperates with the low-risk retailer or high-risk retailer:
Game Sequence.
When the retailer faces the demand disruption, the sequence of the informed principal game between the manufacturer and the retailer is shown as follows ( Figure 1 ):
(1) The retailer knows its type information .
(2) The retailer as the informed principal designs the transferring contract package {( 1 , 1 ), ( 2 , 2 )}.
(3) The manufacturer accepts or rejects the contract.
(4) Before the selling season, the retailer chooses the transferring contract according to its type and makes the order .
(5) The manufacturer supplies products, and the retailer pays for them.
(6) In the selling season, the demand disruption occurs in a certain probability, and the retailer sells some products.
(7) After the selling season, the manufacturer gets the unsold products.
Full Information Model
3.1. Modeling. When the demand disruption probability is public information, the different retailers should provide the single selected contracts ( 1 , 1 ) or ( 2 , 2 ). We can get this pair of single selected contracts by solving the following programs { 1 } and { 2 }:
The targets of these programs are the retailers' revenue, which are the principal. As in the full information situation, each participant knows the true information, so there is no incentive compatible constraint. Whatever, the manufacturer should get no less than the retrained revenue. The incentive rationality constraint of the manufacturer facing different retailers is useful here (see (6) and (8)).
3.2.
Results. By solving programs { 1 } and { 2 }, there comes Proposition 6 (Proof of Proposition 6 is given in Appendix A).
Proposition 6.
(1) Under full information, the optimal contract in supply chain with demand disruption satisfies that both the optimal order and optimal transferring payment for low-risk retailer are higher than those for high-risk retailer, as * 1 > * 2 , * 1 > * 2 .
(2) Under full information, the utility of the low-risk retailer is larger than that of high-risk retailer, as * 1 > * 2 , and the utility of the manufacturer cooperating with low-risk retailer and with high-risk retailer is equal to the retrained revenue, as * 1 = * 2 = 0.
From Proposition 6, it is obvious that under full information the low-risk retailer should make more orders than the high-risk retailer ( * 1 > * 2 ) and meanwhile pay more ( * 1 > * 2 ). Let us show the optimal contract in Figure 2 , using the retailer and the manufacturer indifferent utility curve. For the low-risk retailer, the optimal contract is shown at point * . And for the high-risk retailer, the optimal contract is shown at point * . The retailer's utility grows more when its indifferent curve goes into southeast. So when the lowrisk retailer pretends to be high-risk one, using allocation * , which is to say that the low-risk retailer's indifferent utility curve goes northwest, its utility decreases. But if the highrisk retailer pretends to be low-risk one, using allocation * , its utility increases. So as the self-interested participant, the high-risk retailer tends to pretend to be low-risk one. Then we can get Proposition 7.
Proposition 7.
Considering the demand disruption probability as the retailer's individual information, the optimal allocation for the low-risk retailer is not separating equilibrium allocation.
Informed Principal Model
In order to show its true type information, the retailer can use the informed principal model to offer an option contract [32] . The term "option contract {( 1 , 1 ), ( 2 , 2 )}" comes from the fact that if the manufacturer accepts the contract, the retailer must then exercise its built-in option and choose between ( 1 , 1 ) and ( 2 , 2 ). The retailer will choose the term which is fit to its own type by probability 100%, as
And the retailer will choose the term which is not fit to its own probability by probability 0, as
Then the informed principal model of the supply chain with demand disruption is built up for the Perfect Bayesian Equilibrium.
4.1.
Modeling. Firstly, the incentive compatible constraint is given. The option contract is incentive compatible, if the lowrisk retailer prefers the contract item ( 1 , 1 ) and the highrisk retailer prefers the contract item ( 2 , 2 ). So the incentive compatible constraint should keep the low-risk retailer's utility no less than when it pretends to be a high-risk one:
And the high-risk retailer's utility is no less than when it pretends to be a low-risk one:
Secondly, the incentive rationality constraint is given. The retailer with the individual information is the principal, and the manufacturer without individual information is the agent. So the agent's incentive rationality is the same as that (as in (6) and (8)) in full information situation.
Thirdly, the target function is given. The target of the informed principal model is also to maximize the utility of the principal, or to say the retailer.
So the programs under informed principal of supply chain with demand disruption are { 1 } and { 2 }. Consider the following: For solving the informed principal model, the assumption of weak monotonic profit is listed as follows.
Assumption 9. It is weak monotonic profit when the manufacturer makes a nonnegative profit if the contractual terms are those of low-risk retailer under symmetric information and the retailer is a high-risk one: 1 ( * 2 , * 2 ) ≥ 0. From Figure 2 , if the contractual term for the low-risk retailer changes from * to * , the curve * 1 will go southeast, and the manufacturer's profit increases. So the manufacturer's profit is no less than 0, and Assumption 9 is satisfied. Definition 10. The separating allocation is the allocation ( 1 , 1 ) for the low-risk retailer and the symmetric information contractual terms ( * 2 , * 2 ) are for the high-risk retailer, where ( 1 , 1 ) maximizes the low-risk retailer's utility subject to the manufacturer's breaking even for the low-risk retailer and to the high-risk retailer not preferring ( 1 , 1 ) to ( * 2 , * 2 ). The program is listed as { 1 }:
Results
Proposition 11. Under the weak monotonic-profit assumption, the separating allocation is the low-information-intensity optimum.
Proof.
(1) The high-risk retailer can get its asymmetric information utility even under asymmetric information. Comparing programs { 2 } and { 2 }, it can be found that these two programs have the same target function, but { 2 } has less constraints, so ( * 2 , * 2 ) ≥ ( 0 2 , 0 2 ). According to Assumption 9, the manufacturer at least breaks even regardless of the retailer's type. Hence, ( * 2 , * 2 ) is the separating allocation item for high-risk retailer.
(2) Because ( * 2 , * 2 ) ≥ ( 0 2 , 0 2 ), constraint (14) is more restricted than (10). For the low-risk retailer, the programs { 1 } and { 1 } have the same target functions, but there are more constraints in the former program, so ( 1 , 1 ) ≥ ( 0 1 , 0 1 ) is satisfied. And the low-risk retailer at least can get ( 1 , 1 ) from the option contract. From the incentive compatibility constraint (14) which can be rewritten as 2 ( * 2 , * 2 ) ≥ 2 ( 1 , 1 ), it has been guaranteed that the highrisk retailer will not choose { 1 , 1 }. From the program { 1 }, the low-risk retailer can get more utility when the contractual item is
Then we can get Proposition 12 (see details in Appendix B).
Proposition 12. As for the option contract by informed retailer in supply chain with demand disruption, the low-informationintensity allocation satisfies the following:
(1) Comparing to the full information situation, the lowinformation-intensity allocation for high-risk retailer and its utility does not distort, as 0 2 = * 2 , 0 2 = * 2 , 2 ( 0 2 , 0 2 ) = * 2 .
(2) Comparing to the full information situation, the lowinformation-intensity allocation for low-risk retailer has upward distortion 0 1 > * 1 , 0 1 > * 1 , while its utility has downward distortion 1 ( 0 1 , 0 1 ) < * 1 .
(3) The order quantities in the low-information-intensity allocation for the retailers in different types satisfy
In the informed principal model, in order to prevent the high-risk retailer from pretending to be a low-risk one, the low-information-intensity allocation items for the low-risk retailer distort. The low-risk retailer should order more than the optimal order and pay more than the optimal transferring payment. But the utility of the low-risk retailer is less than the optimal one, which means the low-risk retailer pays some rent to separate from the high-risk retailer. So the rent is called signaling cost.
Interim Efficient Allocation
The retailer can deliver its own type information to the manufacturer by low-information-intensity allocation in the informed principal model. But the low-risk retailer's order and transferring payment distort relative to the full information situation, and it has to pay the signaling cost. The signaling cost is the part utility which the low-risk retailer gets less than the optimal. So maybe we can decrease the signaling cost by increasing the high-risk retailer's utility and meanwhile increasing the low-risk retailer's utility. So in this part, we try to find a separating equilibrium with less signaling cost [32] [33] [34] 38] , by the interim efficient model.
Let us consider the interim efficient model which can decrease the signaling cost by giving the high-risk retailer more than optimal utility. Let̂be the utility which the highrisk retailer gets more than the optimal one. And let (̂) be the minimal loss of the manufacturer when it cooperates with the high-risk retailer. (̂) can be gotten by the program { 2 }: 2 :
It is easy to find out that when constraint (17) is binding, 2 = * 2 and (̂) =̂.
Definition 13. Utility 1 ( 1 , 1 )/ 2 ( 2 , 2 ) for low-risk/ high-risk retailer is the interim efficient optimum for that type if ( 1 , 1 )/( 2 , 2 ) maximizes low-risk retailer's utility in the set of incentive compatible constraint and the manufacturer's expected profit. And the contract {( 1 , 1 ), ( 2 , 2 )} is the interim efficient allocation. They are (part of) the solution to the programs { 1 } and { 2 }: max
The high-risk retailer can get the rent̂above the optimum, so the manufacturer will lose some utility. Then the incentive rational constraint (see (19) ) for the manufacturer is the expected profit rather than the individual profit. Equation (20) is the incentive compatible constraint for the high-risk retailer.
From programs { 1 } and { 2 }, we can get Propositions 14 and 15 (see Proof in Appendix C).
Proposition 14. The interim efficient allocation by informed principal for the supply chain with demand disruption satisfies the following:
(1) Comparing to the full information situation, the order quantity for the high-risk retailer does not distort, 2 = * 2 . (2) Comparing to the full information situation, the order quantity for the low-risk retailer satisfies (21) and distorts upwards, 1 > * 1 . Consider
(3) The transferring payment for the low-risk retailer meets (22) , and the transferring payment for the high-risk retailer meets (23):
Proposition 15. There is a threshold 0 = ( ( 2 , 0 1 ) − ( 1 , 0 1 ))/( ( 1 , 0 1 ) + ( 2 , 0 1 ) − ) for the low-risk retailer probability. If and only if the probability of low-risk retailer is no more than the threshold ≤ 0 , the low-information-intensity allocation is also interim efficient and is the unique Perfect Bayesian Equilibrium. If the probability of low-risk retailer is more than the threshold > 0 , the low-information-intensity allocation is not the unique Perfect Bayesian Equilibrium.
If and only if the probability of low-risk retailer is small enough ( ≤ 0 ), the low-information-intensity allocation is the unique Perfect Bayesian Equilibrium. And the retailer can deliver its own type information by the separating contract. But if the low-risk retailer is more than that ( > 0 ), the lowinformation-intensity allocation is not the unique Perfect Bayesian Equilibrium, and the interim efficient allocation can improve the distortion situation to a certain degree. So for the supply chain with demand disruption, the optimal allocation cannot be reached if the informed principal provides a separating contract.
Numerical Example
This section gives some numerical examples to inspect the supply chain contract with demand disruption by informed principal. We let the sales price = 10, the unit manufacturing cost is = 2, and the salvage product value is = 0.5. The demand distribution function before disruption is ( ) = 2 /125, and the demand distribution function after disruption is ( ) = 2 /100.
Main Results.
From the example listed above, the full information contracts and low-information-intensity allocation are given in Table 1 . Table 1 shows that, for the full information contract, the order quantity for low-risk retailer is larger than that for the high-risk retailer * 1 > * 2 , and also the transferring payment * 1 > * 2 , which is performed in Proposition 6. In the informed principal model, the order quantity for the low-risk retailer distorts in order to show its type (when 1 = 0.2 versus 2 = 0.4, * 1 = 10.01 < sb 1 = 10.14, and when 1 = 0.3 versus 2 = 0.5, * 1 = 9.90 < 0 1 = 10.02). Meanwhile, we notice that the utility obtained by the low-risk retailer in the informed principal model is lower than that in full information model (when 1 = 0.2 versus 2 = 0.4, * 1 = 53.40 > 0 1 = 53.38, and when 1 = 0.3 versus 2 = 0.5, * 1 = 18.40 > 0 1 = 18.24). This implies that it costs the low-risk retailer something to certify its type. These results are the same with Proposition 12.
Considering the situation of 1 = 0.2 versus 2 = 0.4, we obtain 0 = 0.19. The order quantity for the low-risk retailer 1 changes with the proportion it has in interim efficient allocation. As Figure 3 shows, if and only if varies within certain area ( ≤ 0 ), we obtain 1 > * 1 , as in the results in Proposition 14.
The transferring payment in the interim efficient allocation is depicted in Figure 4 (for the low-risk retailer) and Figure 5 (for the high-risk retailer). The transferring payments are changing by the order quantity for the lowrisk retailer in the interim efficient allocation and the lowrisk retailer's probability. From Figure 4 , when the low-risk retailer's probability is less enough and the order quantity for the low-risk retailer 1 is high enough, the transferring Figure 4 ). But, mostly, the transferring payment 1 increases by the low-risk retailer's probability but decreases by the order quantity for the low-risk retailer 1 (red and orange part in Figure 4 ). Normally, the transferring payment should increase by the order quantity, which means "get more pay more." From this view, the low-risk retailer's probability should not be very small, and the order quantity for the low-risk retailer 1 should not be close to the maximum value 15. From Figure 5 , it is obviously seen that the transferring payment for high-risk retailer in the interim efficient allocation 2 increases by the order quantity for the low-risk retailer 1 but decreases by the low-risk retailer's probability .
Sensitivity Analyses.
The sensitivity analyses for the lowinformation-intensity allocation versus the unit manufacturing cost are shown in Table 2 . It shows the outcomes when the unit manufacturing cost changes by +25% and −25% once at a time and keeping remaining parameters. The order quantities decrease by the unit manufacturing cost, but the influence for the high-risk retailer's order quantity is larger than that for the low-risk retailer (−0.69% versus −3.17% and +2.17% versus +3.07%). The transferring payments increase by the unit manufacturing cost. More interesting, the utilities decrease by the unit manufacturing cost, and the low-risk retailer receives a greater impact (−9.40% versus −9.22% and +9.55% versus +9.53%). So from this point of view, the lowrisk retailer should encourage the manufacturer to reduce the cost more. Figure 6 shows the sensitivity analyses for the order quantities versus the unit manufacturing cost, in which the order quantities include the order quantity for the low-risk retailer in low-information-intensity allocation 0 1 , the order quantity Figure 6 : The order quantities change by the unit manufacturing cost.
for the low-risk retailer in full information contract * 1 , and the order quantity for the high-risk retailer in full information contract which is equal to that in low-information-intensity allocation 2 . Both the order quantity for the low-risk retailer in full information and the order quantity for the high-risk retailer decrease by the unit manufacturing cost, and they change in the same level basically. But the change of the order quantity for the low-risk retailer in low information intensity depends on different values of the unit manufacturing cost. When the unit manufacturing cost = 2.75, the order quantity is minimum, and when = 1.75 or = 1.5, the order quantity is the maximum. Figure 7 shows the sensitivity analyses for the transferring payment versus the unit manufacturing cost, in which the transferring payments include the transferring payment for the low-risk retailer in low-information-intensity allocation the high-risk retailer in full information contract which is equal to that in low-information-intensity allocation 2 . All the transferring payments of the retailers increase by the unit manufacturing cost. The transferring payments for the lowrisk retailer and the high-risk retailer in full information contract decrease in the same level. Figure 8 shows the sensitivity analyses for the retailers' utilities versus the unit manufacturing cost, in which the utilities include the utility for the low-risk retailer in lowinformation-intensity allocation 0 1 , the transferring payment for the low-risk retailer in full information contract * 1 , and the transferring payment for the high-risk retailer in full information contract which is equal to that in lowinformation-intensity allocation 2 . All the retailers' utilities decrease by the unit manufacturing cost. Figure 9 shows the sensitivity analyses for the low-risk retailer's signaling cost versus the unit manufacturing cost. Figure 9 : The signaling cost changes by the saved unit manufacturing cost.
The signaling cost of the low-risk retailer is the utility earned in the low-information-intensity allocation, which is separating contract, less than that in full information contract. When the unit manufacturing cost = 2, the signaling cost is the least, while when the saved unit manufacturing cost = 1.75, the signaling cost is the most. We do not find the internal relationship between the signaling cost and the unit manufacturing cost. As the signaling cost is so important to put the contracts into practice, investigation on the signaling cost is the research direction for us.
Conclusion
In the recent years, supply chain with demand disruption has become more and more attractive to both business and academic research. There is a lot of research available on the topic of supply chain disruption contract. In the real supply chain practice, demand disruption is totally different from the stochastic demand. So in our research, both the demand uncertainty and the demand disruption are considered. Taking the demand disruption probability as the asymmetric information, an informed principal model is explored to make the contract for supply chain with demand disruption. And the conclusions we obtain are shown as follows:
(1) The contracts for low-risk retailer and high-risk retailer in full information are provided, and it is found out that the high-risk retailer has the incentive to pretend to be the low-risk retailer. This result is similar to the other informed principal model [34, 35] but totally different from the normal principal agent model [24, 26] . In the normal principal agent model, the high efficient agent (low-risk retailer in our setting) tries to pretend to be low efficient agent (highrisk retailer) to get more. That is why the informed principal model is established.
(2) The low-information-intensity allocation which is the result of the informed principal model and also is the separating contract shows that the order quantity and the transferring payment for the low-risk retailer in low-information-intensity allocation distort upwards, but that of high-risk retailer does not distort. In order to avoid imitation, the imitators' efficiency should be always distorted. But in normal principal agent model, the high-risk retailer's quantity distorts downwards [24, 26] ; on the contrary the low-risk retailer's quantity in informed principal model distorts upwards.
(3) In order to reduce the signaling cost which the lowrisk retailer pays, the interim efficient model is introduced, which ends up with the order quantity and transferring payment distorted upward again but less than that of low information intensity. Comparing to [38] , focusing on analyzing the signaling cost, more attention is paid to showing the interim efficient model to get a solution which can increase efficiency.
From the managerial aspect, retailers should try to increase their antirisk capability to enhance competitive power. And when the retailer has lower demand disruption probability than the others, it can show its style to the supplier through the separating contract. For example, the retailer can say "because I am the low-risk one, I can cooperate with the supplier with this contract, while the others who are high-risk ones can only use the other contract." But in order to be separated from the others, the low-risk retailer has to pay some signaling cost, and the quantity has to be distorted upwards.
Above all, there are some limitations of the research. We will continue our research in the following directions. (1) The signaling cost is a key factor impacting the separating contract, which should be paid more attention. (2) We only consider the demand disruption, but disruptions happen at not only demand side but also supply side. So we will continue our research with demand disruption together with supply disruption [39] . 1 . From 1 > 0 and 2 > 0, we deduce that (6) and (14) are tight. Furthermore, the programs { 1 } and { 1 } have the same objective function, but the constraint of { 1 } is more tight, so there is distortion of the utility obtained from { 1 }; in other words, 1 ( 1 , 1 ) < * 1 . From Proposition 11, we obtain 2 ( 0 2 , 0 2 ) = * 2 . So we have Proposition 12.
C. Proof of Propositions 14 and 15
We denote and as the Lagrange multipliers of (19) and (20) and find the derivate of 1 , 1 , and̂, and thus we obtain To solve (C.1)-(C.3), we obtain = 1, = 1 − . And considering (C.2), we get
(C.4)
Because (19) and (20) are tight, we obtain the following results: 
(C.5)
To compare (A.1) with (C.4), we know 1 > * 1 because 2 / 2 < 0 and ( 2 , ) − ( 1 , ) < 0, and the distortion level is changing with . Finally we have Proposition 14.
To compare (C.4) with (B.2) and designate 0 = = ( ( 2 , 0 1 ) − ( 1 , 0 1 ))/( ( 1 , 0 1 ) + ( 2 , 0 1 ) − ), we have the following conclusions:
(1) When = 0 , 1 = 1 = 0 1 , we obtain the same contracts with the low-information-intensity situation.
(2) When < 0 , 1 < 1 = 0 1 , we know there is more distortion than the low-information-intensity allocation and it improves anything.
(3) When > 0 , 1 < 1 = 0 1 , the interim efficient allocation can improve the low-information-intensity allocation. So we have Proposition 15.
Variables/Notations
: U n i tm a n u f a c t u r i n gc o s t 1 : Disruption probability of low-risk retailer :
Market demand without disruption (⋅):
Distribution function of demand without disruption :
Unit salvage value :
Market scale without disruption ( , ): Expected sales ( , ): Expected unsold quantity : Utility of the retailer :
Probability of low-risk retailer 2 : Disruption probability of high-risk retailer :
Market demand with disruption (⋅):
Distribution function of demand with disruption :
Retailp rice :
Market scale with disruption : U tilityofthemanufacturer .
Control Variables
: Order quantity : Transferring payment.
